Phone: +44 (0)20 7848 0678 well as those at-risk for developing hypertension (i.e., prehypertensives) and have important implications for understanding the psychological component of such medical conditions as hypertension.
Abstract
Psychological factors are known to play an important part in the origin of many medical conditions including hypertension. Recent studies have reported elevated blood pressure (even in the normal range of variation) to be associated with a reduced responsiveness to emotions or 'emotional dampening'. Our aim was to assess emotional dampening in individuals with more extreme blood pressure levels including prehypertensives (N=58) and hypertensives (N=60) by comparing their emotion recognition ability with normotensives (N=57). Participants completed novel facial emotion matching and facial emotion labelling tasks following blood pressure measurement and their accuracy of emotion recognition and average response times were compared. The normotensives demonstrated a significantly higher accuracy of emotion recognition than the prehypertensives and the hypertensives in labelling of facial emotions. This difference generalized to the task where two facial halves (upper & lower) had to be matched on the basis of emotions. In neither the labelling nor matching emotion conditions did the groups differ in their speed of emotion processing.
Findings of the present study extend reports of 'emotional dampening' to hypertensives as

Introduction
Hypertension is a leading cause of cardiovascular complications and a topmost risk factor for mortality (Forouzanfar et al, 2016) . Recognized as a disease taking on the form of a global epidemic (Chockalingam, Campbell, & Fodor, 2006) , it is imperative to identify the mechanisms underlying hypertension in order to formulate measures to control it. Though the etiology and pathophysiology of hypertension is likely involves an interplay between genetic factors, neural mechanisms and endocrine functioning, cardiac and renal functions, environmental, adaptive, hemodynamic and anatomical factors (Page, 1967; 1982) , recently psychological factors have been recognized to be as important in the maintenance, development and management of psychosomatic conditions (Jennings & Heim, 2012 ) such as hypertension. Here, we examine the link between emotion processing and hypertension.
That psychological factors contribute to hypertension is supported by clinical, epidemiological and laboratory research evidence showing linkages between emotional mood states or trait-like dispositions and blood pressure (Esler & Parati, 2004) . For example, data from cross-sectional epidemiological studies show associations between hypertension and anxiety (e.g., Jonas, Franks, & Ingram, 1997; Ginty, Carroll, Roseboom, Phillips & de Rooij, 2013), hostility (Yan, et al., 2003) , anger ( Pratt et al, 1996) . Other studies have also shown that emotional processing was impaired to a greater extent in individuals with essential hypertension than in patients with secondary hypertension (e.g., Consoli, 2010) .
Together, these data tentatively suggest a role for emotion processing difficulties in the origin of hypertension. However, there is also no dearth of researchers who argue that elevated blood pressure or hypertension may have a causative role in disrupted affective processing. That is, the association with emotional mood states and trait-like dispositions are a consequence of living with a chronic health condition. For instance, Wei and Wang (2006) found a 3-year history of hypertension to be an independent predictor of anxiety. Similarly, a longitudinal study showed that people with elevated blood pressure have a higher incidence of depression (Zhang et al, 2006) . On the other hand, some researchers posit that both elevated blood pressure and emotion processing difficulties affect each other in a cyclic manner, leading to further elevations in both blood pressure and emotional difficulties over time. Thus, poor emotional processing may result in inappropriate emotional communication in relationships, creating social distancing and stress, which in turn may further increase blood pressure and result in more emotion processing difficulties (McCubbin et al, 2011; McCubbin et al, 2013). A similar cyclic mechanism is implied by the Polyvagal theory (Porges, 1995) which holds that reciprocal connections between the brain and heart provide an inhibitory pathway to slow down heart rate and lower blood pressure, promoting the calm state necessary to express social engagement behaviors and emotional regulation. Regardless of the direction of causality in the hypertension-emotion processing relationship, what is clear is that emotion processing difficulties can complicate the management of elevated blood In support of this view, many studies have begun to examine the link between elevated blood pressure and emotion processing using performance-based measures rather than simply self-reported questionnaires as previous studies had done. Consistent with a wellestablished literature suggesting that hypertensives show attenuated responses to pain (France, 1999; Ghione, 1996) , these studies also suggest a more general reduction in emotional responsiveness ( They reported dampening to emotional content in faces and written narrative sentences in persons with high resting BP and Total Peripheral Resistance. Another study on emotional dampening reported that resting diastolic blood pressure was correlated negatively with emotion recognition accuracy in men (McCubbin, et al, 2013) . Furthermore, normotensives with a parental history of hypertension also demonstrate reduced responsivity to both positive and negative emotions in comparison to individuals with normotensive parents (Wilkinson & France, 2009 ). These emotional dampening have been attributed to the mechanisms implicated in blood pressure-induced hypoalgesia (or reduced perception of pain) such as the opioid and baroreflex system (Ghione, 1996; France, 1999; Bruehl & Chung, 2004;  McCubbin, Helfer, Switzer, Galloway, & Griffith, 2006). However, a more recent study showing no association between emotion recognition accuracy and blood pressure (or heart rate variability) (Loveless, 2015) , highlight the subtlety of the phenomenon and need for further research.
To date all of the studies to our knowledge have been conducted in individuals with elevated blood pressure in the normal range and not yet in individuals with clinical hypertension. Moreover, the nature of these deficits is unclear as almost all studies have used static emotional stimuli (facial affect photographs or affect-inducing scenes) in 'explicit' affect-labelling experimental tasks and have overlooked the likelihood that in real life one encounters dynamic emotional stimuli, which are processed at a more 'implicit', or automatic, level rather than being labelled. The present study addressed these gaps in the literature by examining and comparing emotion recognition in a group of normotensive, prehypertensive, and hypertensive participants on two distinct emotion processing tasks. On the first, participants were required to complete a task that involved labelling the emotion displayed in an animated face (an 'explicit' task of emotion recognition). On the second, participants were instructed to match the emotion displayed in a target face with one of 4 possible faces displaying different emotions (an 'implicit' task of emotion recognition). We hypothesized that hypertensives would perform significantly worse than those in the normotensive range (and that this would be evident in accuracy on the task or response time, or both). Tentatively, we also predicted a dose-response relationship such that prehypertensives would perform intermediate to the other two groups.
Method
Participants
The participants in this study comprised 57 normotensive, 58 prehypertensive, and 60 hypertensive (see Table 1 for demographic information) Asian-Indian adults belonging to the middle socio-economic status. The socio-economic status of the participants was defined as the monthly per capita income of the participants in accordance with the criteria set out in the BG Prasad socioeconomic classification, which is specific to India (Khairnar, Wadgave, & Shimpi, 2016) . Participants in the three groups were recruited following the criteria stated in Two tasks presented in Paradigm software (v 2.4.0.191) were administered. For the first, we used emotion videos to tap participants' ability to correctly label emotions displayed through facial expressions. For the second, we presented participants with a matching task which aimed at assessing the recognition of emotions without prompting the participants explicitly to name the emotions presented. The task involved matching the upper half of an emotional face video to its corresponding lower half. The task was such that accurate matching would entail recognizing emotions presented in the two facial halves correctly and would thus inform the accuracy of implicit emotion recognition of the participants. Apart from the accuracy of emotion recognition in both the explicit and implicit conditions, we were also interested in the response times taken by the participants on these tasks. We chose accuracy as an indicator of emotion recognition in keeping with the earlier studies of (Ekman & Friesen, 1978) . As each emotion changes from neutral to full intensity, increasingly more action units are displayed. Actors were instructed to display increasingly more action units as they moved from a neutral emotion to the full expression of a particular emotion. We therefore relied on the number of action units displayed for any given emotion to reflect intensity for that emotion, rather than intensity ratings per se. However, only final image (full expression) for each image sequence has been standardized. Specifically, the target emotion photograph of each series was coded by skilled FACS (Facial Action Coding System) coders. 
Explicit Task of Emotion Recognition: Labelling emotions in faces
In this task participants were presented with full face videos of emotional expressions and verbally instructed to choose the emotion label that best described the emotion expressed in the facial emotion video. They were instructed to respond as fast and as accurately as possible. Photos used in this task ( Fig. 2(a) ) were developed by combining the full face image sequences ranging from neutral to target emotion in Windows Movie Maker. Full face videos displaying different emotions appeared in the upper centre of the computer screen with four response options (Hindi names of the emotions) given below. One of the labels was the correct response option denoting the emotion expressed in the facial video while the remaining three were the distractor labels. Participants indicated their responses by pressing the numeric keys (from 1 to 4) from the keyboard. The task comprised 24 trials and the videos within each trial were on a continuous loop until the participant entered a response.
RTs were recorded for when the participant made a manual response.
Implicit Task of Emotion Recognition: Matching emotions in faces
The implicit visual emotion recognition task ( Fig. 2(b) ) comprised of a target upper face with four lower face videos as response choices, and participants were required to select the lower face video that would best match the face presented in the target video. Due care was taken not to explicitly tell the participants to match the facial halves on the basis of the emotion expressed in them. This task used photographs of the same posers as used in the explicit task. For implicit task, image sequences from the chosen 4 posers were split horizontally from the middle dividing the face into upper and lower halves. All the upper face images for each emotion sequence (ranging from neutral to the full emotion display) were combined to form upper face videos while all the lower face images for each emotion sequence were combined to form lower face videos (see Fig 1) . As with the explicit task, these videos were developed in Windows Movie Maker. The target and the response faces were from the same poser, only the emotion posed differed in three of the response choices while the fourth portrayed the same emotion as in the target. The task comprised 24 trials and the videos within each trial were on a continuous loop until the participant entered a response. The response was a numeric key press between 1 and 4. Since RT was also a variable of interest, participants were asked to respond as quickly and as accurately as possible.
[ Figures 1, 2a and Figure 2b here]
Procedure
The study was conducted in a quiet room adjoining the cardiology OPD so that the availability of a cardiologist could be ensured in case any untoward physical situation occurred with the participants during the course of the experiment. All participants had been instructed not to consume any caffeinated or alcoholic drinks or performed vigorous exercise for about 2 hours prior to the experiment. When the participants arrived to the experimental session, they were requested to relax in a comfortable chair for approximately 10 minutes so that their blood pressure would normalize. Following this rest period, the blood pressure of the participants was measured using a mercury sphygmomanometer by a trained cardiologist.
Three BP readings were taken, with each successive reading taken after about 2 minutes of the previous reading, consistent with the guidelines given by JNC-7 for accurate measurement of BP. The average of the three readings was used to classify participants into either of the three groups, i.e. normotensives, prehypertensives, and hypertensives.
Participants were then requested to sit in a chair facing the laptop to complete the experimental tasks. It was checked whether participants had normal or corrected-to normal vision and could identify the stimuli presented on the laptop. They were given all the necessary information about the study and then a written informed consent was obtained from them before beginning the experiment.
For all the participants, the implicit task was administered first followed by the explicit task. Participants were given verbal instructions on how to complete each task along with a simultaneous on-screen presentation of instructions. After ensuring that the participants clearly understood the instructions by asking them to restate in their own words what they were required to do, a practice session was given to them on three trials. Any doubt or query of the participants arising from the practice session was resolved before beginning the administration of the main experimental session. The presentation of the trials was randomized across participants. Participants were allowed a rest pause of 10 minutes between tasks. On completion of the explicit task, participants were debriefed regarding the purpose of the study and thanked for their participation.
Statistical analysis
The Independent Variable (IV) in the present study was blood pressure category, with three levels: normotensives, prehypertensives, and hypertensives. There were four Dependent Variables (DVs) namely implicit emotion recognition accuracy, explicit emotion recognition accuracy, average RT for implicit emotion recognition, and average RT for explicit emotion recognition. The accuracy of emotion recognition for both the implicit and explicit tasks was calculated as the percentage of the total number of items that were correctly responded to.
The average RT was computed as the mean of RTs for correct responses. Univariate Analysis of Covariance (ANCOVA) was applied on each DV separately. The effect of relevant variables such as age, gender and education was controlled for by entering them as covariates in the analysis. In case of significant effects of age and education on the dependent variables, a correlation of age and education was computed to see the direction of association of these continuous variables with the dependent variables.
However, as age was significantly different across groups, and as it also significantly associated with all of our DVs, we also repeated ANOVAs using a smaller sub-sample of participants from the three groups, but who were matched on age. This matching was done by excluding participants of a particular age from one BP group, who did not have at least one other participants of the same age in the remaining two BP groups. This was done to verify that the same pattern of results was obtained after removing the confounding effect of age through matching rather than simply statistically controlling. However, this meant conducting analysis with a smaller sample size and reduced statistical power. Finally, partial correlations were used to examine the continuous relationship between blood pressure and emotion recognition accuracy and RTs across groups, controlling for age, gender and education.
Results
The average resting SBP and DBP values for the three groups are presented in Table 1 along with the age, gender, and education level of the participants. In terms of the age of the participants, each of the three groups of normotensives, prehypertensives, and hypertensives differed significantly from the other group, F (2, 172) = 78.65, p<.001 ( Table 1 ). The mean age of the hypertensive group was the highest, followed by prehypertensives and normotensives. Significant differences were also observed in the gender composition of normotensive (11 males, 46 females), prehypertensive (31 males, 27 females) and hypertensive (42 males, 18 females) groups, X 2 (2, N=175) = 31.14, p<0.001. It was found that normotensives differed significantly in gender composition from the prehypertensives (p<0.001) and the hypertensives (p<0.001), but no significant difference was seen to exist between prehypertensives and hypertensives with regard to gender composition.
Normotensives had significantly higher number of females and lower number of males than the other two groups. Similarly, the groups differed significantly in terms of their education level, F (2, 172) = 15.50, p<.001 (Table 1 ). Normotensives received more years of formal education, than hypertensives (p<0.001) who received more years than prehypertensives (p<0.001). Normotensives and prehypertensives did not differ in education level. Age, gender and education were all included as covariates in subsequent analysis.
[ Table 1 here] Mean accuracy and RTs for each task for each group are presented in Table 2 . On the explicit task, the results of the univariate ANCOVA on accuracy scores revealed significant effects of BP category, F (2, 169) = 3.88, p<.05; η 2 p = .044, such that compared to the normotensives, the hypertensives demonstrated a significantly reduced emotion recognition (p<.05) as did the prehypertensives (p<.01). The latter two groups though did not differ among themselves in terms of the accuracy of emotion recognition, p=0.90. There were also significant effects of age, F (1, 169) = 11.15, p<0.001; η 2 p = .062, and education, F (1, 169) = 9.17, p<0.01; η 2 p = .051, but not gender, F (1, 169) = 0.11, p=0.74; η 2 p = .001, on the accuracy of explicit emotion recognition. Young participants had greater explicit emotion recognition accuracy scores than older participants (r= -0.47, p<0.001), and participants with a higher education level had greater explicit emotion recognition accuracy scores than participants with a lower education level (r= 0.36, p<0.001). There was no significant effect of gender on emotion recognition accuracy. Nor was the blood pressure x gender interaction significant.
[ Table 2 here] For RTs on the explicit task, there were no main effects of BP category, F (2, 169) = 1.08, p=0.34; η 2 p = .013. However a significant effect of age, F (1, 169) = 40.51, p<.001; η 2 p = .193, and education, F (1, 169) = 13.06, p<.001; η 2 p = .072, but no effect of gender, F (1, 169) = 0.12, p=0.74; η 2 p = .001, emerged on the RT of explicit emotion recognition. Thus, older participants took longer RTs for explicit emotion recognition than younger participants (r= 0.62, p<0.001), and participants with a higher education level took shorter response times than those with a lower education level for explicit emotion recognition (r= -0.39, p<0.001).
The covariates did not significantly interact with BP on RT.
On the implicit task, the results of the univariate ANCOVA revealed that BP category significantly affected the accuracy of emotion recognition F (2, 169) = 7.42, p<.001; η 2 p = .081. Post-hoc comparisons using the LSD test indicated that the hypertensives demonstrated significantly reduced emotion recognition than the normotensives (p<.001).
Similarly, the prehypertensives performed significantly poorly on implicit emotion recognition task as compared to the normotensives (p<.01). The hypertensives also demonstrated a significantly poorer emotion recognition accuracy than the prehypertensives (p<.05). There were also significant effects of age, F (1, 169) = 40.68, p<0.001; η 2 p = .194, and education, F (1, 169) = 8.20, p<0.01; η 2 p = .046, on the accuracy of implicit emotion recognition, such that younger participants demonstrated significantly better recognition of emotions than the older ones (r= -0.68, p<0.001) and those with higher education had a higher accuracy of implicit emotion recognition than those with lower education levels (r= 0.40, p<0.001). No significant effect of the covariate gender, F (1, 169) = 0.33, p=0.57; η 2 p = .002, was observed on this outcome measure. Nor did BP interact significantly with gender.
There was no effect of BP on the RT of the participants on the implicit task, F (2, 169) = 0.35, p=0.71; η 2 p = .004. There was a significant effect of age on the RT on implicit emotion recognition, F (1, 169) = 7.95, p<.01; η 2 p = .045. The older participants took longer RTs than younger participants for implicit emotion recognition (r= 0.29, p<0.001). The covariates gender, F (1, 169) = 0.75, p=0.39; η 2 p = .004, and education, F (1, 169) = 0.93, p=0.34; η 2 p = .005, did not have a significant effect on RT of implicit emotion recognition.
The interactions of the covariates with BP were not significant.
Because age was systematically associated with all of our DVs, and varied significantly across groups, we also repeated these analyses using a smaller subsample of our participants, but who were matched for age across groups. This resulted in 19 normotensives, 39 prehypertensives and 18 hypertensives. Repeating the analysis of group differences on the accuracy of emotion recognition in explicit and implicit tasks revealed similar patterns of group differences (see Table 2 ). Although these group differences were statisticallysignificant for the implicit task, the group differences failed to reach significance on the explicit task, perhaps due to a reduction in sample size.
Partial correlations of SBP and DBP (controlling for the effects of age, gender, and education) with the accuracy and RTs on the implicit and explicit tasks revealed significant negative correlations of SBP with accuracy of emotion recognition on the implicit task, r= -.176, p=.02, and between DBP with the accuracy of emotion recognition on the implicit task, r= -.204, p=.007. Correlations with explicit task accuracy were not significant. Nor were correlations between BP and RTs on either task.
Discussion
The present study explored the presence of emotional dampening in clinical hypertension as well as those at-risk for hypertension i.e. individuals with prehypertensive ranges of blood pressure. Individuals with hypertension and pre-hypertension performed worse than normotensives in terms of accuracy across two tasks: one which involved an explicit labelling of emotions displayed by faces and one which involved matching two halves of a face for equivalence in emotional expression. Interestingly, on the latter task, there was some support for a dose-response relationship such that hypertensives demonstrated worse performance compared to the prehypertensives. Consistent with this, both systolic and diastolic blood pressure correlated inversely with the accuracy of emotion recognition on the implicit task only indicating a successive decline in the capacity of emotion recognition with increase in blood pressure. Group differences only characterised indices of accuracy rather than speed of emotional processing.
A novel aspect of our study is that it extends earlier findings of emotional dampening Luckenbaugh, Zarate, 2010). Finally, by including an explicit measure of emotion recognition as prior studies, but also an implicit measure, our tasks served to probe the full range of emotional experiences. This is because emotional experiences can be both conscious and reportable (Bartoszek, 2009) , and yet can also be experienced sub-consciously and not always outwardly reportable (Weinberger, Kelner, & McClelland, 1997) .
However, there are also certain limitations of the present study. One of the primary limitations is that point measurements of blood pressure on just one occasion were used to classify the participants into one of the three groups. As per the guidelines of JNC-7, the blood pressure readings of the participants should be averaged over two or more measurements on each of two or more office visits. However, earlier studies on emotional dampening have considered BP reading recorded on a single occasion thus our methods are therefore consistent with them. A second limitation is that participants across the three groups differed significantly on age and educationvariables that were also significantly associated with the dependent variables of emotion labelling and matching accuracy. Although we were able to control for these confounding factors, and for age we created matched (albeit smaller) sub-samples of each group to reveal similar patterns of findings, we were unable to do this for education given that all participants of the normotensive group were largely university students. Relatedly, although gender was not found to interact with BP or have a significant effect on any of the outcome measures, the difference in gender composition across the BP groups is a limitation. Future studies should aim to recruit matched samples on age, gender and education. A third limitation is that we relied on task performance to reflect emotionprocessing rather than autonomic data. Also a weakness of the task was that participants in this study belonged to a different race from that of the posers of the emotion photographs.
Cross-race effects that prevail in situations where people belonging to one race are required to identify emotional displays of other race, may have led to less accurate and slower recognition of the facial emotion expressions in this task (Elfenbein & Ambady, 2002) . The generally reduced emotion recognition accuracy (approx. 71.37%) of the participants with BP within the normal range across both the tasks may be a manifestation of this cross-race effect.
Fifth, the reduced accuracy of emotion recognition in the implicit relative to the explicit task in normotensive individuals suggests that the implicit condition might be tapping into a different cognitive schema with regard to perception of emotion expression than the explicit task. This may limit our ability to generalise findings about emotion recognition across tasks.
Finally, there was a discrepancy between group differences on accuracy and RT. While not a study limitation as such, future studies need to establish whether this is a real difference or a design-related artefact. As RT differences tap more subtle differences in how information is processed, rather than inaccurately processed, it seems from our data that hypertensionrelated differences in emotion recognition are much more overt.
Mechanisms and implications
The findings of this study provide important insights into the possible mechanisms implicated in the development of hypertension. Researchers have reported that sympathovagal disturbances resulting from vagal inhibitions are responsible for progression from prehypertension to hypertension (Pal et al, 2011) . Studies have also shown an increase in vagal tone linked with adaptive emotional responding (Porges, 1991) and stress resilience (Fabes, 1997) . Therefore, decrease in vagal tone could be associated with poor (or   maladaptive) 
Conclusion
The present findings provide support to the emotional dampening hypothesis and add to the existing literature by extending these effects beyond the normotensive range to the prehypertensive and the hypertensive ranges of elevated blood pressure. These findings also show that emotional dampening manifests in both the implicit and explicit modes of emotional processing and across both the genders. Future investigations focussed on the link between blood pressure and emotional recognition should explore emotional dampening using more precise BP measurements and psychophysiological indices of emotion-processing (and autonomic functioning). Exploring if individuals with secondary hypertension experience similar emotion-related difficulties as those with essential hypertension would also help inform the causal mechanism of emotional dampening.
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